Aim of the study: To evaluate the intersession reliability of a posturo-stabilometric examination. Methods: Single blind clinical trial conducted in two sessions over two weeks. 44 healthy volunteers free from postural and temporomandibular disorders. All the subjects complied with the criteria for completing the study. All the subjects underwent two sessions of posturo-stabilometric examinations in different visual and mandibular conditions. Sway area, sway length and the coordinates of the center of pressure were evaluated and statistically analyzed using the Intraclass correlation coefficient (ICC). 
Introduction
Postural control and stability are primary components in maintaining the upright position and the equilibrium during daily movements and activities and have also important implications in sports medicine and rehabilitation.
There are many methods to assess postural control (Chaudhry et al., 2004; Pierchala et al., 2012) , one of the most used is the study of the body center of pressure (COP) oscillations using a force platform (Baldini, 2010; Lanska, 2001 ) and the use of the stabilometric platform in order to evaluate posture is a standard for both clinical practice and research in many medical fields (Baldini et al., , 2013a .
In fact the COP alterations are proportional to ankle torque, a combination of descending motor commands as well as mechanical properties of the surrounding musculature (Baratto et al., 2002) . The most commonly evaluated parameters are sway length/velocity and area traversed based upon sequential locations of the COP in the plane of the force platform, and the displacement of the COP mean location on the X and Y axis (Gangloff et al., 2000; Manfredini et al., 2012) .
This approach is used in dentistry as well, as part of gnathological therapies (Baldini et al., , 2012a and to investigate the potential associations between dental occlusion and body posture (Baldini et al., 2013a,b; Manfredini et al., 2012) . These associations are the subject of an ongoing discussion as evidence has been published both in support of their existence (Bracco et al., 2004; Manfredini et al., 2012; Sakaguchi et al., 2007) and in disagreement with it (Michelotti et al., 2006; Perinetti, 2006) . Moreover some criticism was made against the use of stabilometric platform as a trustworthy instrument. In fact in the literature review by Perinetti and Contardo (2009) it is concluded that although an association between the masticatory system and body posture probably exists, its clinical significance is low and a force platform is not a suitable instrument in dental diagnosis.
Some authors Perinetti, 2006) criticized the results of the posturo-stabilometric examination and their clinical implications because of the lack of studies demonstrating the scientific trustworthiness of the force platform. This observation could discredit every result obtained so far using this instrument in any field of medicine as well as what concerns the correlation between dental occlusion and posture. These remarks indicate the urgent need of assessing the reliability of this examination and also to confirm the validity of this diagnostic instrument in any related medical field. Once the reliability of the examination has been ascertained, it will be possible to verify the existence and degree of association between occlusion and posture.
The accuracy and precision of the instrument should be guaranteed by the producer himself and by the maintenance and calibration of the device. However, he is not responsible for the reproducibility of the test and the effective utility and benefit for a gnathologist who applies it to show occlusal interferences over posture.
There are three types of random statistical variability concerning the reliability of the examinations: the intrasession variability that is related to the immediate retest reliability, the intersession variability, related to delayed retest reliability, and the interrater variability, related to delayed retest reliability with different operators (Bauer et al., 2010) .
A survey of the PubMed MEDLINE database and a review article (Ruhe et al., 2010) shows that some articles (Corriveau et al., 2000; Lafond et al., 2004; Lin et al., 2008; Salavati et al., 2009; Santos et al., 2008) assessed the reliability of the force plate examination, considering only the intrasession variability, obtaining excellent results. The intersession reliability was the subject of a recent study by Perinetti et al. (2012) .
An experimental protocol has been created in order to evaluate the intersession variability of the force plate examination. The aim of this study is to assess the reproducibility of this examination with important influences in research and even more in clinical practice, as it could allow us to verify the effects of the therapeutic plan in the short or long term and thus monitor the postural modifications of the patient.
Methods

Data collection
Forty-four healthy subjects, 30 males and 14 females (age 17-35 years, mean age 23.75 ± 4.10 years) were enrolled in the study after signing an informed consent form.
Every subject underwent an occlusal (Baldini et al., 2009) This single blind experimental protocol was carried out using a force platform Postural Health Station (DL Medica S.p.A. Milano, Italy) ( Fig. 1) , and the ethics committee approved the study.
Test
All subjects were volunteers with no information about the aim of the study and who underwent a posturo-stabilometric force platform examination. Each recording lasted 51.2 s under the following conditions: mandibular rest position, mandibular position of centric occlusion and mandibular position with cotton rolls.
The test was repeated (twice) in these three positions with both eyes open and closed. For the cotton rolls position, cotton rolls 8 mm thick and 37 mm long were positioned on the mandibular teeth distal to the canines.
Quiet conditions were maintained during the examination, thus eliminating any disturbing element that could affect the posture. A force plate was placed in order to position subjects perpendicular to and facing the wall at 150 cm. The subjects were required to remain as stable as possible, relaxed, with their arms hanging free beside their trunk, and facing the wall without concentrating on a precise point on it. They were asked to avoid alcohol, sport and conservative dental therapies during the 24 h before the clinical recordings.
The standardized placement of the subjects on the force plate is fundamental to reduce the intersession variability of the examination: a hand was placed under the foot of the subject, lifting the foot until it reached the following criteria using the markers painted on the surface of the platform: ( Every subject underwent two examination sessions,with a pause of 14 days. The two sessions were conducted following the same modalities and with conditions as identical as possible, to allow the study of intersession reliability. In order to exclude the potential ''interrater variability'', all tests were performed by the same operator.
In order to be included, it was required that the subjects satisfy the following criteria in the 14 days prior the second session of tests:
-Absence of any trauma. -Absence of restorative or orthodontic treatment. All the subjects in the sample satisfied these second phase criteria.
From the results obtained four posturo-stabilometric parameters were evaluated: -SWAY AREA.
-SWAY LENGTH.
-COP X (position of the center of foot pressure on the X axis compared to the theoretical one). -COP Y (position of the center of foot pressure on the Y axis compared to the theoretical one).
Statistical analyses
The distribution of the posturo-stabilometric parameters recorded, sway area and length and coordinates of the center of foot pressure, were summarized as means and SDs, according to test position, i.e. at mandibular rest position, mandibular position of centric occlusion and mandibular position with cotton rolls to whether eyes were open or closed and to the session of examinationination. Wilcoxon matched-pair signed-rank test was used to verify the hypothesis of a non-significant difference in parameters between sessions.
One of the aims of this study is to evaluate the reliability of the posturo-stabilometric test, i.e. whether the resulting measurements of this test are reproducible among sessions. As it was reasonable to believe that no systematic error occurred, the intraclass correlation coefficient (ICC) was estimated to ensure test-retest reliability between sessions (Rousson et al., 2002 ) ICC may be defined as the percentage of variability in measurements explained by the subject effect thus the larger this percentage the better the reliability. An ICC larger than 0.75 indicates good to excellent reliability, an ICC included between 0.40 and 0.75 indicates fair to good reliability, and finally an ICC lower than 0.40 indicates poor reliability (Corriveau et al., 2000) .
Therefore, in order to ensure the reproducibility of test results between sessions, ICCs were computed for each posturo-stabilometric parameter according to both test and eye position. ANOVA was then run separately for open and closed eyes to verify whether the distributions of the parameters were similar or not, despite the test position. We then merged the observations for the parameters and hence compared, through ICC, six repetitions of the test, instead of two.
All analyses were performed with STATA software version 12.1.
Results
A total of 44 subjects were included in the study and underwent the posturo-stabilometric test twice, within a two-week interval. Descriptive statistics of the results of the examinations are summarized in Table 1 . In general the time difference between test sessions did not affect the measures of the posturographic parameters and the Wilcoxon matched-pair signed-rank tests led us to accept the hypothesis of no change in most cases. The only significant difference between sessions was observed for the sway area measurements assessed in mandibular position with cotton rolls and eyes open.
The reliability was investigated estimating ICCs for every position with eyes open and closed (Table 2) . Generally, ICCs for sway length and coordinates of the center of foot pressure were over 70%, confirming the repeatability of the test. Sway area, on the other hand, performed poorly, even obtaining an ICC of 37% (Table 2) were estimated after results from the F-test in ANOVA (Table 3) confirmed that the posturo-stabilometric parameters were distributed in a similar way in all the three positions, i.e. mandibular rest position, mandibular position of centric occlusion, and mandibular position with cotton rolls, after separating for eyes open or closed. These appeared to mirror the results in the three test positions, with good reproducibility for sway length and coordinates of the center of foot pressure. ICCs were generally over 70%, especially with eyes closed. However, the results regarding the sway area confirmed the poor test-retest reliability previously observed.
Discussion
The study of the ICCs on four posturo-stabilometric parameters in six different mandibular/visual conditions calculated on two distanced sessions, demonstrated that the examination with the force plate not only has a good intrasession reliability, as Bauer et al. (2010) , Ruhe et al. (2010) , Corriveau et al. (2000) said, but also has a good intersession reliability.
Previous literature on intrasession variability (Bauer et al., 2010; Ruhe et al., 2010) , focused only on the precision and the accuracy of the instrument and the variation of the phenomena, suggesting the utility of the instrument in a diagnostic setting but limited to a single test session. It is still not clear if this instrument could be useful during the follow-up analysis of a therapeutic plan. In fact, this test can easily be susceptible to intersession variability due to the different placement of the patient on the platform between different sessions or to the conditions of the patient, which can affect posture and load distribution.
The analysis of the intersession variability shows that reliability increases when subjects undergo the test with eyes closed. All the parameters showed an excellent reliability except for the sway area and there is no evident difference among values of ICC for the other parameters. The sway area appeared more reliable with eyes closed and when the mandible is positioned in centric occlusion and less reliable when cotton rolls are positioned between the dental arches. This may well be due to the higher sensibility of this parameter to occlusal modifications (Baldini et al., 2013a,b; . Perinetti et al. (2012) analyzed the intersession reliability after 30 min, 1 day and 7 days from the first test, and found that sway area had a good reliability and COP X and COP Y to be poorly reliable, contrarily to our results. The sway velocity in this study appeared to be a reliable parameter according to the ICC values for the sway length. Sway velocity is easily obtained by dividing the sway length by the time duration of the test and can thus be considered equal to the sway length. The results of Perinetti's and colleagues' study had low significance because of the limited size of their sample, that led to very wide confidence intervals for the ICCs of the coordinates of the center of foot pressure. This undermines the reproducibility of their results on a larger population.
Furthermore, the reliability of these parameters could be strictly associated to the rigorous rules and surface details for placement of the subject on the force platform.
Our findings support the results of the studies on intrasession reliability although it seemed that the sway area was the only parameter that looses reliability over time. However, asking the patients to maintain the eyes closed during this examination could be useful for increasing its reliability and should therefore be recommended for monitoring results in a therapeutic plan.
The sway area did not seem an ideal parameter for monitoring the evolution of a therapeutic plan. When it is necessary to consider the area of sway it is advisable to use the mandibular position of centric occlusion for better reliability in the results.
Our sample did not include subjects with temporomandibular and occlusal disorders and, currently, in the literature their influence on posture has yet to be clearly proved. Nevertheless, when a posture professional examines subjects affected by these disorders, the rest position may be preferred over the centric occlusion mandibular one to eliminate the temporo-occlusal interference and its possible influence on the reliability of the observations. This remark should be remembered until the reliability on a sample affected by temporomandibular disorders is assessed.
Even if some studies (Baldini et al., 2013a,b; Michelotti et al., 2006) demonstrated that the sway area is the most sensitive parameter for evaluating the correlation between dental occlusion and posture, the gnathologist should remember that this parameter is poorly reliable when the examination is carried out in the cotton rolls position and thus its use should probably be limited to diagnostic considerations in a single session and not within a longer therapeutic plan.
In agreement with what is said by Perinetti et al. (2012) , given that dental occlusion causes statistically significant but low variations on the sway area and that in rest or centric occlusion mandibular positions its reliability improves, its usefulness in following a gnathological therapeutic plan should be investigated further.
Conclusions
The posturo-stabilometric examination carried out using a force platform has a good intrasession and intersession reliability, especially considering sway length, COP X and COP Y parameters. The force platform usefulness in analyzing static posture is confirmed in any medical field. The trustworthiness of this instrument for clinical gnathological purposes should be considered with caution owing to the ''fair to good'' reliability of the sway area parameter.
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